Synthesis of heterofunctional PEG polymer
Synthesis of NH2-PEG3.5KDa-N3: The synthetic scheme is shown in Figure S1A . PEG-bisamine (1 g, 0.29 mmol) and triethylamine (242 µL, 1.74 mmol) were dissolved in 20 mL chloroform. A solution of compound 1 (18.72 mg, 0.096 mmol) in chloroform (30 mL) was added drop-wise at 0°C for 2 h and the reaction mixture was refluxed using an oil bath (75°C) for 10 h. Chloroform was removed under reduced pressure and the product was precipitated in diethylether. The polymer was subsequently dissolved in sodium acetate buffer (0.1 M, pH 4.6) and loaded onto a SP-Sephadex C25 cation-exchanger column and eluted using sodium acetate buffer affording NH2-PEG3.5KDa-N3 product. The product was monitored using Ninhydrin staining. The solution was dialyzed (MWCO 2000 Da) against deionized water and lyophilized affording conjugate NH2-PEG3.5KDa-N3 as a white solid (265 mg, yield: 79 %). The compound was stored as powder at −20°C till further use. Compound 1 was prepared following the protocol described by Liu et al. 1 Ninhydrin test is a procedure to quantify primary amines. The presence of primary amines promotes the formation of a colored compound that has an absorption peak at 575 nm. As it can be observed in Figure S8 , this peak is present for the N3-PEG-NH2 due to presence of primary amine groups. However, after the reaction with the maleimide reagent this peak almost disappeared, proving the coupling of the amine with the maleimide reagent. 1 
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Synthesis of n-GO-PEG-MUC1
The synthetic scheme is shown in Scheme 1.
Preparation of n-GO by modified Kovtyukhova-Hummer's method 2
Steps involved in preparation of GO are described in details below:
(i) Pre-oxidation of graphite: graphite powder (4 g), potassium persulfate (K2S2O8, 2 g) powder, and phosphorus pentoxide (P2O2, 2 g) were dry-mixed in a 250 mL round bottom flask followed by the addition of sulfuric acid (H2SO4, 96 ~ 98%, 6 ~ 10 mL). The mixture was heated on a silicone oil bath at 80°C, stirred and refluxed for 6 h. After the reaction was complete, the mixture was left to cool down to room temperature then diluted carefully in deionized water (volume was not critical). The mixture was then washed by filtration using a Millipore ® All-Glass 47 mm Vacuum Filter Unit and hydrophilic polycarbonate Isopore™ membrane (0.22 μm) until the filtrate became neutral. The filter cake was oven dried at 40°C overnight to afford a black-gray powder.
(ii) Low temperature stage: Dried pre-oxidised graphite powder (~ 4 g) and sodium nitrate powder (NaNO3, 4 g) were dry-mixed in a 500 mL round bottom flask. Sulfuric acid (H2SO4, 96 -98%, ~ 100 mL) was added and the mixture was kept stirring at 0°C on an ice bath. The mixture was agitated from time to time to avoid aggregation. The temperature was monitored using a thermometer throughout the reaction. When the powders were fully dispersed, potassium permanganate powder (KMnO4, 12 g) was added slowly (portionwise) to the suspension. The addition rate was carefully controlled so that the temperature of the suspension was kept below 20°C. After the addition of KMnO4 was complete, the suspension was stirred on an ice bath (< 10°C) for an additional 10 min.
(iii) Medium temperature stage: The ice bath was then removed and replaced with a water bath to allow the temperature to rise gradually to 35 ± 3°C. The temperature was maintained for at least 2 h until the dispersion became a brown pasty mixture. The mixture was then heated to 60°C.
(iv) High temperature stage: When the oil bath temperature reached 60°C, 50 mL of deionised water were added to the pasty mixture and stirred for 5 min. The oil bath temperature was then set to 80°C followed by the addition of 50 mL of deionised water.
When the oil bath temperature reached 80°C, 80 mL of deionised water were added to the mixture. A white vapor was generated. When the water addition was complete, the oil bath S5 temperature was maintained above 80°C (temperature fluctuated between 80-95°C) and kept stirring for another 30 min. To stop the reaction, hydrogen peroxide (H2O2) aqueous solution (35%, 10 mL) was added to the mixture then kept stirring for 30 min at 80°C. H2O2 reduces the residual manganese dioxide (MnO2) and permanganate (MnO4 -) forming a brown suspension.
(v) Washing and purification: The warm brown suspension from the previous step was transferred into 10 × 50 mL conical-bottom centrifuge tubes and centrifuged at 3,220 g for 2 min. The supernatant was removed and the pellets were resuspended in 1N HCl using a spatula with agitation. The centrifugation and washing steps were repeated several times with 1N HCl (1L) followed by 1N NaOH (0.5 ~ 1 L). The washing and centrifugation steps were monitored by observing the color of the supernatant. The color changed from yellowgreen (early HCl washing stage), nearly transparent (late HCl washing stage), light brown (early NaOH washing stage) and finally to dark brown when NaOH washing was stopped.
The pellets were resuspended in deionised water. Washing and centrifugation steps were repeated twice. The pellets were finally resuspended in water (50 mL/tube) and bath sonicated for 1 h (USC300TH, VWR, Belgium). The sonicated mixture was centrifuged once at 3,220 g (Eppendorf 5810R, Germany) for 2 min. GO suspension was obtained by strongly hand-shaking the centrifuge tubes and the supernatant was collected. Oxidizedgraphite remained as pellet no matter how hard the shaking was. The collected supernatant was then diluted with deionised water (volume was not critical) forming a dark-brown GO suspension. Finally the GO suspension (1 mg/mL in water) was sonitcated for additional 5 h.
Synthesis of n-GO-alkyne
60 mg of n-GO were suspended in 60 mL of DI water and sonicated for 10 min. After sonication, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC·HCl) (100.8 mg, 0.44 mmol) and 4-(dimethylamino)pyridine (7.33 mg, 0.06 mmol) were added.
Propargyl alcohol (25.96 µL, 0.44 mmol) was subsequently added to the mixture and the reaction was stirred for 24 h at room temperature. After this period of time, 100 mL of methanol (as poor solvent) were added to the suspension to precipitate the graphene layers.
The final suspension was purified using filtration with 0.2 μm GTTP filter. The black precipitated solids was collected from the filter and washed with 100 ml of methanol yielding
Synthesis of n-GO-PEG-maleimide using mechano-click chemistry
The PEGylation of graphene layers was carried out by ball milling with longitudinal vibration under dry conditions in a Mixer Mill MM 200 supplied by Retsch (Germany).
Stainless steel milling jars (10 mL capacity) were loaded with 10 mg of n-GO-alkyne, Maleimide-NH-PEG3.5KDa-N3 (100 mg, 9.2 mmol), copper sulfate (86.19 mg, 0.54 mmol), L-ascorbic acid (534.9 mg, 2.7 mmol), Maleimide-NH-PEG3.5KDa-N3 and 4 stainless steel milling balls (1 cm diameter, 4 g each). The frequency at which the jars changed their direction of movement (milling frequency) was 10 Hz and the process was carried out for 1 h. The resulting powder was then suspended in 100 mL of water followed by a 2 min sonication. The suspension was then purified by filtration using a 0.2 μm GTTP filter. The precipitated black solid on the filter was washed with 100 ml of water and methanol yielding 9.5 mg of n-GO-PEG (TGA mass loss: 10 %, 28.5 µmol PEG per g of sample).
Synthesis of n-GO-PEG-MUC1
n-GO-PEG (8 mg) was suspended in 10 mL of PBS buffer containing 4 mM EDTA (pH 6.5) and sonicated for 5 min. IgG anti-MUC1 was then added to the solution with a final concentration of 3 µM. The reaction mixture was then placed on a shaker for 60 h at room temperature. After this period of time, the solution was centrifuged three times (3220 g, 10 min) and the supernatant was discarded, affording 8.4 mg of n-GO-PEG-MUC1 (TGA mass loss: 16 %, 250 µg anti-MUC1 per gram of sample).
Thiolation of anti-MUC1 IgG
Anti-MUC1 IgG solution was prepared in PBS (5 mM EDTA, 50 mM NaHCO3, pH 7.8) at a concentration of 67 μM. A freshly prepared solution of 2-iminothiolane·HCl (2-IT, Traut's reagent) (90 μL, 14.5 mM) was added to 1 mL antibody solution to reach a final 2-IT concentration of 1.3 mM, corresponding to approximately 20 equivalents with respect to the IgG. The mixture was shaken for 1 h at room temperature (RT), followed by two centrifugation steps (3220 g, 10 min) using Vivaspin centrifuge tubes (MWCO 10000 Da) to remove excess 2-IT.
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Ellman's assay
A stock solution of 0.01 M 5,5'-Dithio-bis-(2-nitrobenzoic acid) (DTNB) was prepared using the same PBS buffer. 10 µL of DTNB stock solution were diluted with 500 µL of buffer and mixed with 50 µL of the anti-MUC1 IgG solution. After incubation at RT for 15 min, UV-Vis spectra were recorded using a Perkin Elmer Lambda 35 spectrophotometer, in 1 cm path quartz cuvettes. The maximum absorbance at 412 nm was measured to quantify the sulfhydryl groups in the solution. Calibration curve was obtained from cysteine standard solutions prepared under the same conditions (concentration range: from 0.25 to 1.5 mM, Ɛ = 14100 M -1 cm -1 ). A blank solution containing only the buffer was performed in the same way.
Characterization of the GO conjugates
Thermogravimetric analysis GO samples were loaded in platinum pans and the TGA analysis was performed using the TGA Q500 (TA instruments, USA). Initially the analysis was carried out isothermally in nitrogen atmosphere at 100 o C for 20 min followed by a controlled increase in temperature at a rate of 10 o C/min to reach a maximum of 1000°C at the end of the analysis.
Raman spectroscopy
Few drops of n-GO samples in water (1 mg/mL) were deposited onto a calcium fluoride (CaF2) slide (0.3 mm thickness, 20 mm diameter), supplied by CRYSTRAN LTD (UK), and left to dry under ambient conditions. Raman spectra were then acquired with an inVia TM Raman microscope (Renishaw, UK). Samples were excited with HPNIR785 diode laser (Renishaw, UK) at 7.5 mW power intensity with a wavelength of 785 nm.
Deuterium labelling of propargyl alcohol
Deuterium labelling of propargyl alcohol was performed following the protocol described by Poullain and col. 3 Briefly, propargyl alcohol (56 µL, 1 mmol) was dissolved in 1 mL acetonitrile and 1 mL K2CO3 solution in D2O (1M) was added to the flask. The reaction mixture was stirred for 8 h at room temperature under nitrogen atmosphere. After this period of time, the resulting mixture was diluted with 2 mL of dichloromethane and S8 separated into two layers. The aqueous layer was then further extracted with dichloromethane. The combined organic layers were dried over MgSO4 and concentrated under vacuum to afford the desired product. The deuterium labeled alkyne was characterized using FT-IR spectroscopy.
Deuterium labeling of n-GO-alkyne
n-GO-alkyne (5 mg) was suspended in 2 mL K2CO3 solution in D2O (1M) and sonicated for 10 min. The reaction mixture was stirred for 8 h at room temperature under nitrogen atmosphere. After this period of time, the suspension was purified by filtration with a 0.2 μm GTTP filter. The precipitated black solid on the filter was washed with 50 ml of water and methanol affording deuterium labeled n-GO-alkyne. N-GO (lacking alkyne) was treated in the same way and used as a negative control.
FT-IR measurements
FT-IR measurements were carried out using a Perkin Elmer FT-IR Spectrometer with Attenuated Total Reflectance (ATR) attachment. Freeze-dried GO samples were placed on the ATR attachment and the FT-IR spectra were obtained (number of scans = 16). 
Atomic Force Microscopy
Bradford's assay
The amount of anti-MUC1 covalently attached to GO layers was quantified using Bradford's assay. 4 Coomassie Blue (10 mg) was dissolved in 5 mL of 95 % ethanol. Subsequently, 10 
SDS-PAGE gel electrophoresis
Cell uptake and targeting studies
Confocal laser scanning microscopy (CLSM) and multiphoton excitation microscopy (MP).
An in-house multiphoton (fluorescence) microscope built around a Nikon Eclipse Ti-E inverted microscope (Nikon, Japan) was employed to analyze cells incubated with n-GO samples using the protocol previously described by Rubio et al. 5 A clear difference is seen between the mixing control and the chemically conjugated n-GO-PEG-MUC1. Intense signals for the heavy and light chains were seen in the mixing control (2) . In the conjugate (3), a faint signal for the light chain can be seen while the heavy chain cannot be seen. It has been shown previously that under the reducing SDS-PAGE conditions, only the light chain of anti-MUC1 IgG can migrate in the gel in case of anti-MUC1 IgG-MWNT. 6 The same results are shown here for n-GO-PEG-MUC1. This is indirect evidence on covalent conjugation of anti-MUC1 IgG to n-GO. or n-GO-PEG. MUC1− cells were incubated with anti-MUC1 IgG, n-GO-PEG-MUC1 or n-GO-PEG at 2.5 (anti-MUC1 IgG) and 10 µg/mL (n-GO compounds), respectively, at 37°C for 3 h. Cells were then immunostained with Cy3-labeled anti-human IgG (H+L) and counterstained with DAPI (nucleus). CLSM and MP fluorescence microscope were used to image anti-MUC1 IgG and GO, respectively. Emission filters of 629-56 nm and 460-60 nm were used to image anti-MUC1 IgG and DAPI, respectively. MP imaging was carried out using a fs laser at 950 nm (13 mW) and emission filter of 500-524 nm. Anti-MUC1 IgG, nuclei and GO are represented in red, blue and green, respectively. No red signals detected in cells incubated with anti-MUC1 IgG indicated no cellular uptake, confirming that cells were MUC1−. The uptake of n-GO-PEG-MUC1 was observed in the red and green channels, however, with a lesser extent compared to the brighter signals detected in MUC1+ cells ( Figure 2 ). Objective used was 40X/1.25 NA. Scale bars = 15 µm. 
